The Mac Keith Meetings Committee is funded by the charity Scope to plan and organize meetings about childhood disability. The present meeting was one of a series that had been organized in conjunction with the Continuing Education Department of the Royal Society of Medicine.
A review of the literature reveals a surprising lack of good studies of the effect of therapy for individuals with motor disability. The work shop was planned as a response to this and brought together those working in the areas of childhood disability and adult rehabilitation. Professor Raymond Tallis (Professor of Geriatric Medicine, Hope Hospital, Salford) made the case for using outcome measures in clinical practice to manage patients, assess services and 'inform' management. But what measures were best? Should attention be focused on measuring motor impairment in detail or is it more important to look at global measures of an individual's performance? There is a tension between these approaches. On the one hand it may seem more miles may have to be considered. There are many disorders for which the therapy is of little benefit, however.
Calculation of fluid replacement without the sums. In contrast to the high technological expense of the above answers to medical problems, the 'bum wheel' seeks to take the arithmetic out of the immediate and early emergency treatment of bum victims. During the Gulf conflict, when many bum casualties were expected and evacuation chains long and tortuous, it was realized that standard formulae such as Muir and Barclay would be inappropriate, unwieldly and potentially dangerous. By standardizing the fluid used and the weight of the patient (appropriate in a military setting), the 'battlefield bums table' was born. By use of revolving discs with windows cut in, this has now been adapted for a range of weights for both adults and children for civilianuse. Following clear guidelines, fluid can be safely given and recorded so that the bum casualty can be safely transferred to specialists.
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'scientific' to measure something discrete like muscle strength. On the other hand global, social measures are thought to be more relevant to the patient. This was the challenge for the participants in the work shop.
MEASUREMENT: A HIERARCHICAL APPROACH
Measuring impairment
This part of the programme concentrated on physiological measurement. The first two speakers, an experimental physiologist and a clinical physiologist, both emphasized that the brain could adapt when normal function was impaired.
Professor Roger Lemon (Sobell Department of Neurophysiology, Institute of Neurology, London) pointed out that many patients show severe impairments as a result of poor co-ordination of motor patterns, even when muscle weakness or abnormal muscle tone have been treated. The use of kinematics (movement analysis systems) can reveal subtle changes in the basic structure, timing and coordination of movements. The changed motor behaviour of the brain-damaged individual depends more on the function of the surviving structures than on the loss of function of the damaged part. This reorganization after damage was not necessarily an advantage for the patient.
Professor Michael Sedgwick (Professor in Clinical
Neurophysiology, Southampton General Hospital) similarly argued that the sensory cortex could adapt once its original purpose had become redundant. Both of the neurophysiologists reported that non-invasive techniques, such as 234P transcranial magnetic stimulation or somatosensory evoked potentials, could be used to probe the changes in central mechanisms that were associated with changes in motor and sensory performance.
Dr Jean-Pierre Lin (Senior Registrar in Paediatric Neurology, Hospital for Sick Children, Great Ormond Street) discussed the measurement of spasticity. Disturbances of tone in cerebral palsy may result from abnormal central control mechanisms. However, spasticity can result from changes in the intrinsic biomechanical properties of the muscles (both visco-elastic and plastic) and it is important to measure these.
Disability
Measures used to assess disability were reviewed by Dr Nadina Lincoln (Consultant Clinical Psychologist, City Hospital, Nottingham). The most widely recognized are the Activities of Daily Living (ADL) scales. These include measures of self-care such as the Barthel score. There are also mobility indices, measures of manual dexterity and measures of cognitive disability. It was important to choose the appropriate measure and to remember the following:
(i) Differentiate between what a patient can do and what a patient actually does (ii) Note observed as well as reported activity (iii) Note whether the tests have been demonstrated to be reliable and valid for the patient group for which they are being used (iv) Be aware of the timing during the course of the illness and the setting in which the tests should be applied (v) Ensure that the tests are simple (vi) Have a clear purpose for using the tests, e.g. the management of individual patients or in the context of a clinical trial or to assess service management There were then two talks on 'the assessment of hand and arm function'. The first was by Dr Oliver Stanley (Consultant Community Paediatrician/Senior Lecturer, Southmead Hospital, Bristol). The acquisition of motor skills usually takes the form of learning motor programmes. A possible measure of outcome is to determine whether a particular type of intervention produces a learned motor programme. Dr Stanley had examined velocity profiles during a task where shapes were posted through corresponding holes, using a cone, cylinder and a triangle in succession. This requires an increasingly complex repertoire of movements. In normal children there is a marked change in the velocity profile if the task is made more complex; it then stabilizes towards the velocity profile of the earlier task with practice. Preliminary analysis of data in some children with cerebral palsy indicates that the stabilization process is disturbed.
Ms Ailie Turton (Occupational Therapist, Addenbrooke's Hospital, Cambridge) reviewed measures of impairment of upper limb activity. The Southern Motor Group had scales which could be used, but they suffered from ceiling effects. They could be complemented by tapping tasks or peg-board tasks which do not have a ceiling. Unfortunately many of the tests cannot be used early in severe neurological injury. She had used transcranial magnetic stimulation (TMS) to investigate the integrity of the cortico-spinal pathways during recovery of hand function after stroke. In a longitudinal study of 18 patients, responses to TMS in a finger extensor and an intrinsic hand muscle were absent in patients who did not recover voluntary finger movement. In patients who recovered, responses were found to accompany return of finger movement. It seems that recovery of hand function after stroke depends on reorganization of cortico-spinal connections. Relating changes in central processing to measured performance on hand function tests is a way of assessing and understanding recovery after stroke I ,2•
Handicap
Professor Shah Ebrahim (University Department of Public Health, Royal Free Hospital School of Medicine) thought that this global measure was 'the most important'. Handicap is difficult to measure and standardize because of the heterogeneity of patients. It was not possible to infer levels of handicap from measures of disability or impairment as correlations were weak. A consensus view of what constituted handicap was being developed by sampling a representative population of individuals-, It was important that such measures became available for routine use in the health service.
MEASURES THAT HAVE ALREADY BEEN ADOPTED The Gross Motor Function Measure
Professor Peter Rosenbaum (Department of Paediatrics, McMaster University, Ontario, Canada) discussed the functions and properties of clinical measures. They may be used to perform one or more of three functions.
(i) To discriminate (ii) To predict (iii) To evaluate change They cannot automatically be applied to a purpose other than the one for which they have been developed and validated. The Gross Motor Function Measure (GMFM) had been developed as an evaluative measure, specifically to detect changes in motor function of children with cerebral palsy. The measure had been validated in a number of ways and was being used as a clinical and research tool worldwidef".
Mrs Eva Bower (Physiotherapist, Rehabilitation
Research Unit, Southampton General Hospital), reported on the studies that she had performed using the GMFM to assess the association between physiotherapy and the rate of motor skill acquisition in children with an established diagnosis of four limb cerebral palsy. The research method had been to use a representative series of single case studies with individual goal setting, a validated outcome measure and randomized treatment intensities'<l''. A review of the evaluation of therapy in cerebral palsy (there were eight studies published between 1960 and 1993) has been written by Bower and McLellan11 . Mrs Bower also discussed a randomized controlled trial that had been mounted with 44 children prospectively stratified and randomized into four treatment groups. Using a 2 X 2 factorial design the acquisition of motor skills was assessed using the GMFM. Conventional physiotherapy was compared with intensive physiotherapy and the use of broad aims was compared with the use of specific measurable goals. Eighty-two per cent of all children improved. Over a 2 week period the single factor most strongly associated with increased motor skill was physiotherapy but the combination of increased physiotherapy with precisely set goals of treatment was stronger still. Further study was needed to discover whether an increased rate of skill acquisition could be maintained for a longer time.
The pros and cons of 'high-tech' gait analysis
The case for high-tech gait analysis was put by Professor Richard Robinson (Consultant Paediatric Neurologist, Guy's Hospital). Simple visual inspection of gait is notoriously fallible even when conducted by the most experienced. When an accurate evaluation of gait was required, for instance before orthopaedic intervention, the 'high-tech' approach to gait analysis was justified. The equipment costs about £250000. A bio-engineer and a kinaesthesiologist are needed to perform and report on the assessments which take between 2 and 3 h. A formal validation of the system had not yet been attempted. However, it had been found that management plans based on the physical examination and video inspection alone required modification more than 50% of the time when the additional data from 'high-tech' gait analysis was presented.
Mr David Scrutton (Physiotherapist, Wolfson Centre) thought that gait analysis might be useful for a research, clinical work (it might make surgery more effective), teaching and finally for medico-legal reasons. Dr Jean-Pierre Lin was concerned about lack of objective evaluation-the tool might just reinforce decisions that had been made already.
Goal attainment scores as outcome measures
Professor Lindsay McLellan (Professor of Rehabilitation, Southampton General Hospital) proposed that goal attainment scores give the closest link between achievement and the intervention associated with the achievement, providing that goals are accurately identified before treatment.
The technique can be used for research if two different types or intensities of therapy are being used to achieve the same objective. To compare the two treatments, objectives for each patient are set before randomization. The pretreatment achievement level is given an arbitrary score of 0% and the target level a score of 100%. Progress towards the target can then be monitored during the trial and changes in the slope of the trajectory from 0%-100% can be correlated with the intervention occurring at that time. The objectives should not have a 'ceiling effect' as it is desirable to measure a better than anticipated response. The usefulness of this approach had already been shown in the studies discussed by Eva Bower (see above). Goal attainment scores can also be used for audit and for fostering the team work needed between therapists and the patient.
Useless measures
Derick Wade ( 
GENERAL PRINCIPLES-THE DESIGN AND USE OF OUTCOME MEASURES
Professor Kevin Connelly (Department of Psychology, Sheffield University) and Dr Sarah Connelly (Psychologist, Head Injury Therapy Unit, Frenchay Hospital, Bristol) jointly addressed the general issues of designing measures. Outcome measures should detect change, estimate its magnitude and establish a cause-effect relationship between the treatment and the consequences. There should be an underlying theory which is being tested when using a particular measure and the intervention under study should be carefully specified. The correct implementation of the treatment should be confirmed and the outcome should be described both quantitatively and qualitatively.
GENERAL PRINCIPLES-THE DESIGN OF TRIALS
Introduction
Professor Lindsay Mclellan thought that in studies of rehabilitation double blind placebo controlled trials were never possible. Pharmacological or surgical treatments aim to restore the biological norm. Rehabilitation differs because patients are likely to be starting from different points and to be pursuing different objectives. Their active collaboration is needed. Different therapies could be compared in the same subject, but sometimes the first treatment had improved the subject's function so much that it was impossible to revert to baseline prior to a second intervention period. Despite this, single case experimental designs were being accepted. A series of single-case designs on a representative sample of patients could identify sub-groups of patients who were likely to respond better than others. Once these studies had shown that a treatment was effective, the question of whether it should become generally available and whether it should be offered in a clinical or community service was likely to be best addressed by group trials.
Practical aspects of trial design
According to Dr Derick Wade research in rehabilitation is complicated by three factors: (1) change occurs as part of the natural history of the illness (e.g. spontaneous recovery); (2) it is not possible to predict accurately the extent of change in an individual patient; (3) patients who appear similar vary enormously.
The usual solution is to use a randomized design, with a control group of patients. These are the considerations: Professor Lindsay McLellan considered 'organization and politics'. There were three main priorities. The first was to develop rehabilitation as a scientific discipline. The second was to establish that rehabilitation is a joint exercise involving the NHS, Social Services and the voluntary sector. The third was to establish a shared identity and an accessible form for all the people who are working in the rehabilitation field. In particular he thought that there should be support for multidisciplinary research societies such as The Society for Research in Rehabilitation.
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